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Abstract. The monomeric subunit composition of the

oxygen carrier hemocyanin was examined in samples of

the Sesarma reticiilatwn complex and of Uca minax,

both of which are believed to be in the process of specia-

tion. The samples were taken on the Atlantic and Gulf of

Mexico coasts, from disjunct populations that are be-

lieved to have been isolated by the Florida peninsula
since the retreat of the last glacier. In Atlantic and Gulf

samples of the S. reticulatum complex, which is believed

to be in the terminal stages of speciation, the hemocya-
nins differed qualitatively. Several electrophoretic bands

found in one group, including an invariant band, were

totally absent from the other. This difference exceeds

that reported in a previous investigation of a variety of

polymorphic allozymes in this species complex. It also

exceeds the physiologically labile differences in hemocy-
anins found previously within a panmictic species of

brachyuran crustaceans. In V. minax, which is believed

to have diverged less, Atlantic and Gulf animals ex-

pressed the same number of electrophoretic bands at ex-

actly the same positions. Nonetheless, highly significant

differences in band frequencies distinguished both Atlan-

tic samples from the Gulf sample, and somewhat less sig-

nificant differences distinguished the Atlantic cold tem-

perate zone samples from the warm temperate zone

ones. The phenotypes of the major bands, defined as

those present in high densities, qualitatively distin-

guished Atlantic from Gulf animals, but they did not

differentiate the two Atlantic samples. The difference be-

tween Atlantic and Gulf members of this species also ex-

ceeds that found previously among polymorphic allo-

zymes. These findings further support the hypothesis

Received 23 October 1995; accepted 4 April 1996.
* Present address: Virginia Institute of Marine Science. Gloucester

Point, VA 23062.

that the hemocyanins are among the first proteins to di-

verge structurally in brachyuran speciation.

Introduction

With few exceptions, the crustacean hemocyanins
(Hcs) are composed of many different polypeptide
chains. When separated by charge in native polyacryl-
amide electrophoresis (PAGE), a dozen or more Cu-con-

taining bands have been reported in some species (Man-
gum and Greaves, 1995; Mangum, 1996). In most spe-

cies investigated thus far, the unusual heterogeneity

provides the basis for intraspecific polymorphisms of a

magnitude that is unprecedented in the literature on al-

lozyme variation (Mangum, 1990, 1993a, 1996; Calli-

cott and Mangum, 1993; Mangumand Greaves, 1996).

In spite of these polymorphisms, the PAGEbanding pat-

tern appears to be species specific, even in sibling and

previously cryptic species (Reese and Mangum, 1994;

Mangum, 1996). The specificity suggests that the oxygen
carrier diverges early in speciation, a hypothesis that is

consistent with the quantitative importance of crusta-

cean Hcs in aerobic metabolism (Truchot, 1992).

If the hypothesis is correct, one might expect to find

differences between populations that are in the process

of speciation. Below the species level, however, the avail-

able information on structural divergence of the crusta-

cean Hcs appears to be contradictory. On the one hand,

hybrid lobsters produced in the laboratory by unnatural

matings of sibling, allopatric parental species can be

readily distinguished from both parents (Mangum,
1993b). Less convincingly, because the comparison is

based on different procedures used in different labora-

tories, samples from two subspecies of a fiddler crab

differed so much that no bands were clearly shared by the

two (Mangum and Greaves, 1996). On the other hand,
no difference was found between the stone crab Menippe
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mercenaria and the hybrid progeny of postulated natural

matings between it and its sibling and former cryptor M.
adina (Mangum, 1996). Also less convincing for the

same reason described above, the phenotypes found in

another pair of fiddler crab subspecies were quite similar

(Mangum and Greaves, 1995).

In the present investigation, we analyzed the banding

patterns of He monomers found in populations isolated

by the Florida peninsula since the retreat of the last gla-

cier. One pair is believed to be in the terminal stages of

speciation, and the other group is believed to have di-

verged less. Because each sample proved to be polymor-
phic, we also characterized the intraspecific variation in

detail, to ensure against confusing it with geographic di-

vergence.

The species investigated are ( 1 ) the grapsid marsh crab

Sesarma reticiilatitm (Say) from the Atlantic coast of

North America and its sibling from the Gulf of Mexico,
which has not yet been described and is currently known
as Sesarma sp. (near relicu/aluni) (Zimmerman and

Felder, 1991), and (2) the fiddler crab Vca nutmx
(LeConte), also from both coasts.

Materials and Methods

Animals

All individuals investigated appeared to be intermolt

crabs, as indicated by hard exoskeletons.

Atlantic populations of Sesarma rcticiilatum were

sampled at Taskinas Creek and Indian Field Creek, both

of which empty into the York River estuary in Virginia.

Gulf of Mexico populations of Sesarma sp. were sam-

pled at Cocodrie and Joseph's Harbor (Rockefeller ref-

uge) in Louisiana, and at Ocean Springs in Mississippi.

Atlantic cold temperate zone populations of Uca minax
were sampled at five sites on the York River estuary

(Ware Creek, Croaker Landing, York River State Park.

Kings Creek, and Indian Field Creek) and one on the

James River estuary (College Creek) in Virginia; these

sampling sites are distributed along a salinity gradient

ranging from oligohaline to upper mesohaline. A warm
temperate zone population was sampled at Holden
Beach in North Carolina. Gulf populations were sam-

pled at Cypremort Point in Louisiana and Fort Bayou
near Ocean Springs in Mississippi.

Preparation of material

Animals were bled immediately with a hypodermic sy-

ringe, and the blood was frozen until shortly before

analysis. After thawing, serum was expressed from the

clot by centrifugation, and an aliquot was diluted with a

buffer (SOmmoir 1

Tris HC1, pH 8.9, containing
lOmmoir 1

EDTA) that dissociates He oligomers to
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Table I
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Atlantic

Cold temperate (solid) vs. warm temperate (hatched)
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KigureS. Examples of the variation in tVw mnuix. Top: Atlantic animals. With the exception of panel

F, the lanes are arranged in pairs. Each pair of lanes, from left to right, shows a higher and a lower concen-

tration of material from the same individual. Bottom: Gulf of Mexico animals. All lanes are arranged in

pairs showing two concentrations of material from the same individual. With the exception of the pair at

the far left, which shows first the lower and then the higher concentration, each pair alternates first the

higher and then the lower concentration, as above.

L'. minax. we suggest tentatively that the differences may
reflect, at least in part, genetic divergence of the disjunct

Atlantic and Gulf populations. This suggestion, if true,

also supports the hypothesis that the Hcs diverge early in

speciation.

We note that the differing magnitudes of the diver-

gence in the two complexes examined here agree with the

findings of Avise and co-workers as well as with those of

Felder and students. On the basis of results for 19 species

ranging from bivalves to chelicerates to teleosts, Avise

( 1992) found no evidence of a uniform molecular clock

that measures the rate of divergence of Gulf and Atlantic

populations.

Wealso suggest tentatively that very early divergence

of the Hcs may be accelerated when the products of spe-

ciation must adapt to different thermal regimes (see Re-

ese and Mangum, 1994), such as those found in the

warm temperate (Gulf) and cold temperate (Atlantic,

north of Cape Hatteras) zones.

Perhaps most important from a physiological point of

view, the Atlantic and Gulf samples of U. minax are

qualitatively differentiated by the phenotypes of the ma-

jor bands, those that are most likely to influence respira-

tory properties. In addition, this inference remains valid

when the comparison is restricted to Atlantic warm tem-

perate zone vs. Gulf samples. The thermal regimes expe-

rienced by these two populations differ relatively little,

certainly far less than the thermal regime experienced by
either population and that experienced by Atlantic cold

temperate zone populations.

Deevey ( 1 950) suggested that environmental tempera-
ture is the primary factor responsible for the disjunction

of Atlantic and Gulf species, a widespread phenomenon
in a number of animal phyla (see also Avise, 1992). In
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his scenario, disjunct populations are relicts of the retreat

of the last glacier. The concomitant rise in temperature

on both coasts around the Florida peninsula caused the

retreat northwards of temperate zone species and their

replacement in Florida by tropical and subtropical spe-

cies invading from the south. Barnwell and Thurman

(1984) correctly pointed out that biological factors such

as the attendant changes in vegetation must also play a

role in the disjunction of fiddler crab species. Whereas U.

minax, for example, inhabits Spartina salt marshes, the

species of Uca now found in subtropical regions of the

Florida peninsula are mangrove dwellers.

Although we do not doubt the importance of habitat,

we believe that temperature is likely to be extremely im-

portant in the present case. Temperature is the factor

most often associated with divergence of respiratory

properties among the Hcs of closely related species

(Reese and Mangum, 1994). Consequently, the thermal

sensitivities of the respiratory properties of Hcs express-

ing the most frequent phenotypes of major bands in Uca

minax and the two Sesarma species will be of consider-

able interest.
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